In continuation of our work towards synthesizing bio-active molecules we developed and optimized the methodology for novel N-(3-chloro-2-oxo-4-phenylazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxamide analogues from readily available starting materials. We focused on the pressing demand to find eco-friendly pathways by means of catalytic optimization of the process. All synthesized compounds were screened for in vitro antibacterial and antifungal activities on Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Staphylococcus pyogenes, Candida albicans, Aspergillus niger, and Aspergillus clavatus species.
Introduction
Recently our group has synthesized indole derivatives as antimicrobial agents [1] . The indole system is an important structural component of many pharmaceutical agents, such as antidepressant [2] , anticonvulsant [3] , antifungal [4] , antiviral [5] and anti-inflammatory [6] drugs. Indole alkaloids also show antibacterial activity [7] . The C-3-substituted indoles are an important core moiety for the synthesis of many biologically active inhibitors of HIV-1 [8] , antioxidant [9] and cytotoxic [10] agents. Another biologically important agents are tetrahydropyrimidines. Few efficient synthetic methods for synthesis of polysubstituted tetrahydropyrimidines have been reported [11] . Pyrimidine based analogous are widely known as, anti-inflammatory agents, COX inhibitors, anticancer, antiallergic, analgesic [12, 13] , antiviral and antimicrobial agents [14, 15] . The β-lactams are the third biologically important class of compounds. The β-lactam skeleton is the key structural unit responsible for the antibacterial property of the most widely employed antibacterial agents [16] . 2-Azetidinones demonstrate numerous other interesting biological properties, and they are inhibitors of cholesterol absorption [17] , human cytomegalovirus (HCMV), protease [18] and thrombin [19] . Several derivatives are antihyperglycemic [20] , antitumor [21] , anti-HIV [22] , anti-inflammatory, analgesic [23] , antimalarial [24] , antifungal [25] and antiproliferative agents. Several selected bioactive derivatives of the three systems mentioned above are shown in Figure 1 .
The first synthesis of 1,2,3,4-tetrahydropyrimidines has been reported by Biginelli [26] . In this paper we report synthesis of tetrahydropyrimidine derivatives 4a-o that are substituted with indole and β-lactam moieties. Only a single research paper has reported synthesis of a single member of this class of compounds [27] .
Ethanol was the standard azeotropic mixture containing 95% of EtOH. In the second step, a hydrazide 2 was prepared by treatment of compound 1 with hydrazine hydrate. Then, Schiff bases 3 were prepared by condensation of the hydrazide 2 with aromatic aldehydes. Cyclization of compounds 3 in the presence of triethylamine furnished the desired β-lactams 4a-o. The final products were thoroughly characterized by elemental analysis and spectral methods. These compounds were screened for antimicrobial activity.
Antimicrobial activity
The activity of compounds was determined as per the National Committee for Clinical Laboratory Standards Step-1
Step-2
Step-3
Step-4 (NCCLS) protocol using Mueller-Hinton Broth (t-Diackinss on, USA) [28] [29] [30] [31] [32] [33] . All compounds were evaluated against Gram-positive bacteria (S. aureus, S. pyogenes), Gramnegative bacteria (E. coli, P. aeruginosa) and fungi (C. albicans, A. niger and A. clavatus) strains. Ciprofloxacin (for bacteria) and griseofulvin (for fungi) were used as the reference antibiotics. The results for the most active compounds are given in Table 1 . As can be seen, compound 4e is the most promising antibacterial agent. Compound 4n exhibits excellent activity against A. clavatus with the MIC value that is several-fold higher (12.5-25 μg/mL) than the MIC value of the reference drug griseofulvin.
Conclusion
SnCl 2 ·2H 2 O is a highly active heterogeneous solid catalyst for the Biginelli reaction leading to the key substrate 1. The synthesized compounds 4a-o were screened for their in vitro antibacterial and antifungal activity. The new compounds 4a-o presented here clearly differ in their antimicrobial activity depending on the type of substituent in hybrid molecules. It can be seen from the activity results that halogen derivatives are as the most potent agents against bacterial strains and fungal strains. Compounds 4e, 4k and 4o exhibit outstanding antibacterial properties. Compounds 4l and 4n are antifungal agents.
Experimental
The progress of the reactions was monitored and purity of compounds 4a-o were checked on TLC [aluminum plates coated with silica gel 60, F 245 (E. Merck)] eluting with chloroform/methanol (9:1). Elemental analysis was carried out on a Perkin-Elmer 2400 CHN analyzer. IR 
Bold values indicate the standard MIC of standard drugs.
spectra were recorded on a Perkin-Elmer FT-IR spectrophotometer in KBr pellets. 1 H NMR spectra (300 MHz) were recorded on a Varian Gemini 300, and 13 C NMR spectra (100 MHz) were recorded on a Varian Mercury-400 spectrometer in DMSO-d 6 with tetramethylsilane as the internal reference. Melting points are not corrected. Mass spectra were scanned on a Shimadzu LC-MS 2010 spectrometer.
Ethyl 4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate (1)
Compound 1 was synthesized according to the literature procedure [26] with the following modification. Thiourea (0.5 mol), ethyl acetoacetate (0.75 mol) and indole-3-carbaldehyde (0.75 mol) were dissolved in ethanol (95%) (35 mL). Amongst various catalysts tested for the reaction; SnCl 2 ·2H 2 O was found to be highest yielding (96%) catalyst. The progress of reaction was monitored by TLC. After completion of reaction, the mixture was cooled and red crystals were separated. The pure product obtained as red solid was filtered and dried. 
N′-Benzylidene-4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbohydrazides 3a-o
The following procedure for 3a is representative. Other hydrazides were obtained in a similar way. A mixture of benzaldehyde (0.01 mol), 4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carbohydrazide (2, 0.01 mol) and a catalytic amount of glacial acetic acid in ethanol (10 mL) was heated under reflux for 5-6 h. After cooling, the resulting crystals were filtered and crystallized from 95% ethanol to give 3a in a 78% (1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- (1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- 163.7, 158.4, 153.7, 135.6, 128.2, 122.1, 116.3, 111.1, 106.5, 67.1, 65.2 (1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- -2-(2-chlorophenyl)-4-oxoazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo -1, 2, 3,4- -2-(4-chlorophenyl)-4-oxoazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo -1, 2, 3,4- -2-(2-nitrophenyl)-4-oxoazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- -2-(3-nitrophenyl)-4-oxoazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- 162.8, 159.7, 147.3, 137.2, 135.9, 127.8, 122.6, 112.1, 106.3, 66.5, 64.9, 58.3 indol-3-yl)-6-methyl-2-thioxo1,2,3 -2-(4-fluorophenyl)-4-oxoazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo -1, 2, 3,4- -2-oxo-4-(3,4,5-trimethoxyphenyl)azetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- N-(2-(4-Bromophenyl)-3-chloro-4-oxoazetidin-1-yl)-4-(1H-indol-3-yl)-6-methyl-2-thioxo-1,2,3,4- 
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